Magnetic circular dichroism studies of succinate dehydrogenase. Evidence for [2Fe-2S], [3Fe-xS], and [4Fe-4S] centers in reconstitutively active enzyme.
Reconstitutively active and inactive succinate dehydrogenase have been investigated by low temperature magnetic circular dichroism (MCD) and EPR spectroscopy and room temperature CD and absorption spectroscopy. Reconstitutively active succinate dehydrogenase is found to contain three spectroscopically distinct Fe-S clusters: S1, S2, and S3. In agreement with previous studies, MCD and CD spectroscopy confirm that center S1 is a succinate-reducible [2Fe-2S]2+,1+ center. The MCD characteristics of center S2 identify it as a dithionite-reducible [4Fe-4S]2+,1+ similar to those in bacterial ferredoxins. EPR power saturation studies and the weakness of the EPR signal from reduced S2 indicate that there is a weak magnetic interaction between centers S1 and S2 in their paramagnetic, S = 1/2, reduced states. Center S3 is identified both by the form of the MCD spectrum and the characteristic magnetization behavior as a reduced [3Fe-xS] center in both succinate- and dithionite-reduced reconstitutively active succinate dehydrogenase. Arguments are presented in favor of centers S2 and S3 being separate centers rather than interconversion products of the same cluster. Reconstitutively inactive succinate dehydrogenase is found to be deficient in center S3. These results resolve many of the controversies concerning the Fe-S cluster content of succinate dehydrogenase and reconcile published EPR data with analytical and core extrusion studies. Moreover, they indicate that center S3 is a necessary requirement for reconstitutive activity and suggest that it is able to sustain ubiquinone reductase activity as a [3Fe-xS] center.